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Introduction
Islamic banking is one of the most dynamic areas in international finance: the annual growth of Islamic financial institutionshas been 10% in the Gulf area and 15% worldwide over the past 10 years (Standard & Poor's, 2007) (Hasan and Dridi, 2010) .Specifically, Islamic banksoperate under rules dictated by Sharia law. The most noticeable differences are that Islamic banks prohibit the payment and receipt of interest -they engage in an array of profit-and-loss sharing agreements or/and lease/rent type deals where fees are charged for a particular service. In addition Islamic law also prohibits investing in certain 'harram' areas -gambling, arms, pornography,pork products). They offerbanking products and services in-line withIslamic ethicsandencourageproductive investment andrisk-sharing.In countries where Islam is the major religion, such as in the Middle-East and North Africa (MENA) as well as in parts of South Eastern Asia (SEA), Islamic banks have traditionally coexisted with conventional banksthat worked without the restrictions dictated by Sharia compliance. Consequently, Islamic and conventional banks have experienced different development in terms of financial products, risk mitigation and resources allocation, implying that these two groups of banks may have varying efficiency and technology levels.
Despite the growing commercial interest in Islamic bankingonly a handful of studies empirically investigate the efficiency of Islamic and conventional banks (Hussein, 2004; Hasan ,2006; Bader, et al., 2008) .These studies derive efficiencymeasures for Islamic and conventional banks firms using a single frontier corresponding to a common (unknown) transformation function. As such, these studies implicitly assume that Islamic and conventional banks use the same technology. Such an assumption, we believe,cannot be made ex-ante becauseIslamic banksoperate under Sharia law that imposes various limitations on their activities. This leads us to the questions: Is there a technology gap between Islamic and conventional banks?
and once we take into account different productive conditions, DoIslamic and conventional banks have different cost efficiency levels? The main aim of our paper is to address these questions by using the meta-frontier approach to investigate bank cost efficiency for Islamic and conventional banks in twelve MENA and South East Asian countries between 2000 and 2006.This paper provides a cross-industry efficiency comparison between Islamic and conventional banks for twelve emerging countries [2000] [2001] [2002] [2003] [2004] [2005] [2006] using the meta-frontier approach. Our results show that conventional and Islamic banks have similar mean (aggregate) cost efficiency levels in the MENA area and there is no technology gap between the two types of banks. At the country level, Islamic banks are more cost efficient than conventional banks in Indonesia, Pakistan, Turkey and United Arab Emirates, and less efficient in Bangladesh, Kuwait, Malaysia and Tunisia. However, our results confirm that these differences are not due to technology differences.
The main contribution of our paper is that it provides new evidence on technology gapsand cost efficiency differences between Islamic and conventional banks in emerging countries (MENA and the SEA regions).Furthermore, this is the first study to investigate whether Sharia compliance results in a technology gap between Islamic and conventional banks. Although previous literature (Hussein, 2004; Hasan ,2006; Bader, et al., 2008) measure cost efficiency either for a single country (using small samples) or using cross-country data, none of these directly address the issue of different production technologies and data heterogeneity issues.To face the latter problem 1 , we apply the meta-frontier approach, as introduced by Battese and Prasada Rao (2002) and used to study banking by Bos and Schmiedel (2007) , 1 Various studies in commercial banking (Dietsch and Lozano-Vivas, 2000, Becalli 2004; Glass e McKillop 2006; Fiordelisi and Molyneux 2010) suggest the inclusion of environmental variables in the frontier estimations to face heterogeneity problems. Despite we may straightforwardly apply this approach, it would be inappropriate in our paper for two main reasons: first, Islamic banks are likely to access to different banking technologies than conventional banks under Sharia compliance and, second, emerging market countries (where most Islamic banks are present) display substantial macro-economics and financial differences that make it quite difficult to control all these factors (see Berger 2007, p. 121 ). Kontolaimou and Kostas (2010) and Ben Naceur et al (2011) . This approach allows us to relax the assumption that all banks in the sample are subject to the same external conditions. Consequently, we are able to compare Islamic and conventional banks using a unique dataset (overall, 1500 observations over the period 2000 to 2006from twelve emerging markets countries in the MENA and SEA regions) and test for the existence of technology gaps.
The remainder of the article is organized as follows: section 2 provides an overview of the literature. Data are described in section 3. We present an exposition of our estimation methods in Section 4. Results are discussed in section 5. Lastly, section 6 offers concluding remarks.
Literature review
The All the aforementioned studies estimate bank efficiency relative to a common best-practice frontier. Recent studies on efficiency in the financial sector, however, (e.g. Bos et al., 2009) suggest that heterogeneity in the sample may bias estimation of a common frontier. To solve the problem, several studies(e.g. Coelli et al.,1999; Dietsch and Lozano-Vivas,2000; Becalli, 2004; Glass and McKillop, 2006; Fiordelisi and Molyneux, 2010) havesuggested that various control/environmental variables should be included in explanations of the efficiency term. This may partially address the heterogeneity issue although using a single frontier to derive cross-country efficiency estimates remains problematic because, "it may be virtually impossible to control for the very different economic environments in which the banks in different nations compete" (Berger 2007, p. 121) .
One solution to the above is to use the "Meta-frontier) following the methodology proposed by Prasada Rao (2002) 2008. They find that technology differences appear to be a major factor explaining the variation in efficiency across countries (they do not examine Islamic banks in their study).
Methodology
We use the stochastic frontier approach and a translog cost function to estimatecost efficiency. First, we assess differences between Islamic and conventional banksby poolingall banks in the sample andestimatingefficiency. Second, we then split banks into two sub-samples(conventional and Islamic) and estimate cost frontiers and efficiency for the two types of banks. Finally, we apply the stochastic metafrontier approach to gauge the technology gap (if any) between the two types of banks.
Following Aigner, et al. (1977) , Meeusen and Broeck (1977) and Battese and Corra (1977) we specify the cost frontier as follows:
where TC kt represents the total cost of the bank k in period t, x kt is a vector of input prices and output quantities, β is a vector of parameters to be estimated,v i is a random variable, which is assumed to be i.i.d. distributed as a N(0,σ 2 v ) and independent of u i . u i is a non-negative random variable, which is assumed to account for the cost inefficiency in production and is assumed to be i.i.d. as truncations at zero of the N(µ,σ U 2 ) distribution, η is a parameter to be estimated.We specify the following translog functional form with three inputs and three outputs:
where TC kt is the natural logarithm of total cost of bank k in period t, Y i is the vector of output quantities, P j are the input prices, E represents bank's equity capital and is included as a fixed input, specifying interaction terms with both output and input prices in line with recent studies [e.g. Altunbas, et al. (2000) Vander Vennet (2002) , Fiordelisi and Ricci (2010) ]. We specify the time trend T to capture technological change as in Altunbas, et al. (2000) . A point estimation of cost efficiency is given by E(u kt |ε kt ), i.e., the mean of u kt given ε kt . To estimate bank specific cost efficiency, we calculate
For the estimation of the parameters of the stochastic frontier function we follow Stevenson (1980) and adopt the normal-truncated normal model using the maximum likelihood method and re-parameterize σ v 2 and σ u 2 as in Bos and Schmiedel (2007) by taking
If the two types of banks (Islamic and conventional) share the same technology, then the pooled stochastic frontier model would be enough to estimate efficiencies. We therefore run a likelihood ratio (LR) test with the null hypothesis (H 0 ) that the stochastic frontier models for the two groups are the same.
The LR Statistic is defined as follows:
where L(H 0 ) is the value of the log likelihood functions for the stochastic frontier estimated by pooling the data for all the two groups, and L(H 1 ) is the sum of the values of the log-likelihood functions for the two stochastic cost functions estimated separately for each group. The degrees of freedom for the χ 2 distribution involved are 33, the difference between the number of parameters estimated under H 1 and H 0 .
This test, with a likelihood ratio value of 260, leads us to reject the Null hypothesis that both types of banks have the same technology. As such it supports the rationale for analysing the efficiency of the two types of banks separately as well as using the meta-frontier approach.
Various studies (e.g. Coelli et al.,1999; Dietsch and Lozano-Vivas,2000; Becalli, 2004; Glass and McKillop, 2006; Fiordelisi and Molyneux, 2010) suggest including various control/environmental variables in the estimation of the efficiency measure to deal with different bank production and other features. However,it has been argued that this approach is inappropriate as the inclusion of control/environmental variables may not solve sample heterogeneity issues if banks have access to the same technologies (Bos and Schmiedel, 2007) .Consequently, we first estimate cost efficiency using frontiers derived for the two types of banks separately and then use the meta-frontier to arrive at estimates from our pooled sample.
The meta-frontier is defined as 'a deterministic parametric function (of specified functional form)
such that its values are no smaller (larger in the case of our study as adapted to the cost function) than the deterministic components of the stochastic frontier production functions of the different groups involved, for all groups and time periods ' Battese, et al. (2004, p. 93) .The meta-frontier model can be defined as 
The meta-frontier is assumed to be a smooth function that envelops cost function for group j of frontiers considered. To estimatethe meta-frontier we follow the steps as proposed by Battese, et al. (2004) , namely we: 1) obtain the maximum-likelihood estimates, ^j β for the j β parameters of the stochastic frontier for the j-th group; 2) derive estimates,^* β , for the * β parameters of the meta-frontier so that the estimated function best envelopes the deterministic components of the estimated stochastic frontiers for the different groups.
To identify the best envelope, we use as a criterion the sum of squares of deviations of the meta-frontier values from those of the group frontiers; 3) estimates for the technical efficiencies of firms relative to the 
3.1.Inputs and Outputs
The definition of Islamic banks' inputs and outputs is akey issueif we wish to accurately compare Islamic and conventional banks. Among the array of approaches that can be used ( see Hughes and Mester, 2008, for a review), we follow the intermediation approachsinceboth Islamic and conventional banks collect deposits and other liabilities and transfer these sources of funds into earning assets such as loans and investments.
We collect the following input and output data for Islamic and conventional banks. . We use three inputs for both types of banks: the price of labour, the price of funds and the price of physical capital and we include bank's equity capital as a fixed input as previously discussed in the methodology.For
Commercial banks, the price of labour is obtained by dividing the total personnel expenses over the total assets; the price of funds is obtained by dividing the total interest expenses over the total funds; and the price of physical capital is obtained by dividing the total depreciation and other capital expenses over the total fixed assets. For Islamic banks, the price of funds is obtained by dividing the profits distributed to depositors and investors (the case of savings accounts for the former and the case of profit and loss sharing investment accounts for the latter) resulting from the Islamic banks' investing and financing activities (specifically labelled as "funding expenses" in the Bankscope Database) over total funds.The returns on the deposits at Islamic banks (whether in savings or two-tier mudarabah mode) are determined ex-post depending on the economic return on investment in which the deposits were placed (according to Sharia' principles).
Total cost for conventional banks includes all interest and operating expenses. For Islamic banks
it is calculated as the sum of the profits distributed to depositors and investors that hold accounts (savings accounts and profit and loss-sharing investment accounts), commission expenses, fee expenses, trading expenses and total operating expenses.
Data
We gather bank accounting data from twelve countries in the MENA and SEA regions where Islamic banking is most developed Overall, the sample consists of 1,390 observations for conventional and 115 observations for Islamic banks (there was a substantial number of missing values for the Islamic banks which meant we had to drop a substantial number of observations). Descriptive statistics for the outputs, inputs and other variables are provided in Table 2 .
<< INSERT TABLE 2>> Table 3 illustrates that Islamic banks, on average, incur lower total costs than conventional banks even though total lending is similar. Other earning assets comprise a smaller component of the total balance sheet for Islamic banks and they are significantly less active in off-balance sheet activity. It is also interesting to note that for our sample Islamic banks have higher labour costs, lower funding costs and more capital compared to their conventional counterparts. Table 3 reports the cost efficiency scores for estimates derived from: 1) a single frontier estimation (pooled cost efficiency); 2) individual frontier estimates for Islamic and conventional banks (single cost efficiency); 3) technology gap ratios and 4) efficiency estimates derived from the meta-frontier.
Results

<< INSERT TABLE 3>>
Our results showthat the conventional and Islamic banks display similar mean cost efficiency levels irrespective of which approach is taken although the metafrontier estimates are slightly lower compared to the pooled and single frontier results. Similarly, mean technology gap ratios (obtained from each industry specific efficiency frontier relative to the meta-frontier) are also close at around 98%. This impliesthat both conventional and Islamic banks produce on average 98% of the potential output given the technology available. Overall, these results signalthat while there are technology differences between the two types of banks these are not large. It also suggests that even though Islamic banks operate under different principles -the prohibition of interest and restrictions in areas they are allowed to invest -this does not appear to mark them out as being noticeably different in terms of their production features or efficiency compared to conventional banks.
<< INSERT FIGURE 1>>
By distinguishing mean cost efficiency levels across the time period analysed ( Islamic banks do relatively little profit and loss business and focus more on mark-up activity (Baele et al , 2010 ) and these mark-ups can be very similar to traditional interest rates (particularly in countries where
Islamic banks compete head-on with conventional banks, which is the case in most countries in our sample) 6 . This may explain why production technologies do not appear to differ substantially.
<< INSERT TABLE 4>>
6 See Abedifar et al (2011) who support this with empirical evidence on 56 banks from 22 countries between 2001 and 2008.
Country differences (table 4) are apparent from the meta-frontier estimates but these are typically not large in countries where Islamic banks are found to be the most cost efficient.For instance they are more efficient than conventional banks in Indonesia (87% versus 83%), Pakistan (86% v 80%), Turkey (83% v 81%) and the United Arab Emirates (87% v 85%). However, greater variation is found in countries where conventional banks are the most efficient as in Bangladesh(86% v 65%), Kuwait (95% v 74%), Malaysia (84% v 78%) and Tunisia (83% v 81%). These differences are not due to substantial technology gapsas mean values for both types of bank are similar across countries producing on average at the same level (around 98%) of the potential output given the technology available in the country. Overall, our results confirm that Islamic banks are using the same technology as their conventional counterparts.
Conclusion
This and less efficient in Bangladesh, Kuwait, Malaysia and Tunisia. However, our results confirm that these differences are not due to technology differences. Production processes therefore appear similar and this we suggest is probably due to the nature of Islamic financing contracts. The widespread use by Islamic banks of mark-up style contracts (where 'prices' are more likely to be set in a similar manner to interest rates) is likely to result in technology features that are similar between the two types of banks. 
